Objectives. To assess serum interleukin-6 (IL-6) and interleukin-23 (IL-23) and their correlation with angiogenic cytokines and disease activity in ankylosing spondylitis (AS), psoriatic arthritis (PsA), and SAPHO syndrome. Patients and Methods. We studied 152 spondyloarthritis (SpA) patients: 69 PsA, 61 AS, 22 SAPHO, and 29 controls. We recorded age, sex, disease duration, and treatment. We assessed BASDAI, VAS, and PASI scores. Serum IL-6, IL-23, VEGF, EGF, FGFb, and FGFa levels were determined using ELISA. We estimated ESR and CRP. Results. Serum IL-6 and IL-23 levels were higher in SpA than in control ( < 0.00001 and = 0.0004, resp.). There was a positive correlation between serum IL-6 and CRP in AS ( = 0.000001), PsA ( = 0.000001), and SAPHO ( = 0.0003) patients. There was a positive correlation between serum IL-6 and ESR in AS ( = 0.000001), PsA ( = 0.002), and SAPHO ( = 0.02) patients. There was no correlation of serum IL-6 and IL-23 with VAS, BASDAI, and angiogenic cytokines in SpA. Conclusions. Serum IL-6 but not serum IL-23 correlated with ESR and CRP in SpA. No correlation was found of serum IL-6 and IL-23 with VAS, BASDAI, and angiogenic cytokines.
Introduction
Spondyloarthropathies (SpA) are a group of chronic, inflammatory, immune-mediated disorders of the axial and peripheral joints. This group encompasses ankylosing spondylitis (AS), psoriatic arthritis (PsA), reactive arthritis, enteropathic arthritis, and undifferentiated seronegative arthritis. SAPHO (synovitis, acne, pustulosis, hyperostosis, and osteitis) syndrome is always considered as a SpA. The aetiology of SpA is unknown, but some cytokines such as interleukin-6 (IL-6) and interleukin-23 (IL-23) are considered to be associated with the pathogenesis of these disorders [1] [2] [3] [4] [5] [6] [7] .
IL-6 is a pleiotropic cytokine that plays role in arthritis but its role in the pathogenesis of AS remains controversial [1, 3] . IL-23 is produced by dendritic cells, macrophages, keratinocytes, and other antigen-presenting cells. There are some data showing that IL-23 plays an important role in the pathogenesis of spondyloarthritis [4] . In the available literature, we found that few reports assessed serum levels of IL-23 in small groups of AS and PsA patients [8, 9] . There were no data in the available literature concerning serum levels of IL-6 and IL-23 in SAPHO syndrome.
Angiogenesis also plays an important role in the pathogenesis of SpA. The group of cytokines involved in angiogenesis includes vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), and basic and acidic fibroblast growth factors (FGFb and FGFa, resp.) [10] [11] [12] [13] .
There were no data available in the literature comparing serum levels of IL-6 and IL-23 and angiogenic cytokines in AS, PsA, and SAPHO.
Objectives
The aim of this study was to assess serum levels of IL-6 and IL-23 and their association with disease activity in AS, PsA, and SAPHO patients.
Materials and Methods
This study was approved by the Local Ethics Committee of Pomeranian Medical University in Szczecin. Informed consent was obtained from all patients.
All patients were Caucasian. We studied 152 patients: 69 had PsA, 61 had AS, and 22 had SAPHO. The controls were 29 healthy volunteers.
The diagnosis of AS was made according to modified New York criteria [14] . The diagnosis of PsA was made according to the Caspar classification criteria [15] . The diagnosis of SAPHO syndrome was made according to the Kahn criteria [16] .
The following data were recorded: age, sex, disease duration, presence of peripheral or axial joint involvement, type of skin psoriasis, nail involvement, and treatment. In the PsA group, skin changes were assessed according to the Psoriasis Area and Severity Index (PASI) [17] .
We assessed the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI). This index has a possible score of 0-10, with a higher score indicating greater disease activity. We regarded patients as active if the BASDAI score was >4 [18] . The patient's pain due to the disease at the time of examination was assessed by a visual analogue scale (VAS).
Blood was taken for the assessment of ESR and Creactive protein (CRP) (turbidimetric nephelometry, rate of reaction). Serum was stored at −70 ∘ C until analysis for IL-6, IL-23, VEGF, EGF, FGFb, and FGFa using a sensitive sandwich ELISA method using the Human IL-6 Immunoassay Quantikine ELISA kit (the minimum detectable dose less than 0.7 pg/mL), Human IL-23 Immunoassay Quantikine ELISA kit (the minimum detectable dose less than 6.8 pg/ mL), Human VEGF Immunoassay Quantikine ELISA kit (the minimum detectable dose less than 5.0 pg/mL), Human EGF Immunoassay Quantikine ELISA kit (the minimum detectable dose less than 0.7 pg/mL), Human FGF Basic Immunoassay Quantikine ELISA kit (the minimum detectable dose less than 3 pg/mL), and Human FGF Acidic Immunoassay Quantikine ELISA kit (the minimum detectable dose less than 5.68 pg/mL). All kits were from R&D System, Minneapolis, USA. The system uses microplates with the walls coated with a monoclonal antibody and an enzyme-linked polyclonal antibody specific for IL-6, IL-23, VEGF, EGF, FGFb, or FGFa. All analyses and calibrations were performed in duplicate and were read using BioTek PowerWave XS, BioTek Instruments, Winooski, USA.
Data distributions were assessed using Shapiro-Wilk test. We used the rank Spearman test to calculate correlations. values of correlations were determined and corresponding values < 0.05 were considered significant. The groups were compared using Mann-Whitney test and Kruskal-Wallis test. To assess parameters associated with serum levels of IL-6 and IL-23 a Pearson chi-squared test ( 2 ), logistic regression analysis, and stepwise analysis were performed. The level of significance was set at < 0.05. Statistical analysis was performed using STATISTICA version 6.0.
Results
The clinical and laboratory characteristics of the patients and healthy controls are presented in Table 1 .
In the AS group, 24 patients received nonsteroidal antiinflammatory drugs (NSAIDs), 26 received sulfasalazine 2 g/day, and 11 received methotrexate 15 mg/week. In the PsA group, 17 patients received methotrexate 15 mg/day, 2 received methotrexate 15 mg/week in combination with cyclosporine A 3 mg/kg, 35 received sulfasalazine 2 g/day, and 15 received NSAIDs. In the SAPHO group, 10 received methotrexate 15 mg/week, 8 received sulfasalazine 1 g/day, and 4 received NSAIDs. No patients received biological therapy.
Serum IL-6 levels were significantly higher in SpA patients than in the control group ( < 0.00001). Serum IL-6 levels were significantly higher in AS than in SAPHO patients ( = 0.04). No differences were found between AS and PsA patients ( = 0.21) or between PsA and SAPHO patients ( = 0.27) in terms of IL-6 levels ( Figure 1 ).
Serum IL-23 levels were significantly higher in SpA patients than in the control group ( = 0.0004). Serum IL-23 levels were significantly higher in AS than in SAPHO patients ( = 0.03). No differences were found between AS and PsA patients ( = 0.17) or between PsA and SAPHO patients ( = 0.21) in terms of IL-6 levels ( Figure 2 ). Serum VEGF, EGF, FGFb, and FGFa levels were similar in AS, PsA, and SAPHO patients and controls (Kruskal-Wallis test: > 0.05).
All PsA patients had plaque-type psoriasis. IL-23 and IL-6 levels were not correlated with PASI score (Tables 2 and  3) . Among PsA patients, 57 (82.6%) had peripheral arthritis (31 had polyarthritis, 20 had oligoarthritis, and 6 had distal arthritis) and 12 (17.4%) had axial disease. No differences were found between patients with different forms of PsA presentation in terms of IL-6 levels (Kruskal-Wallis test: > 0.05) and IL-23 levels (Kruskal-Wallis test: > 0.05). Among AS patients, peripheral arthritis was present in 23 (37.7%). No differences were found between patients with different forms of AS presentation in terms of IL-6 levels ( > 0.05) and IL-23 levels ( > 0.05).
There was a positive correlation between serum IL-6 and CRP in AS ( = 0.000001), PsA ( = 0.000001), and SAPHO ( = 0.0003) patients (data not shown). There was a positive correlation between serum IL-6 and ESR in AS ( = 0.000001), PsA ( = 0.002), and SAPHO ( = 0.02) patients (data not shown).
There was no correlation between IL-6, VAS, BASDAI, and angiogenic cytokines (VEGF, EGF, FGFb, and FGFa) ( > 0.05) in SpA patients (data not shown). There was no correlation between serum IL-23, CRP, ESR, VAS, BASDAI, and angiogenic cytokines ( > 0.05) in SpA patients (data not shown).
No differences were found between SpA groups of various treatment regimens in terms of IL-6 (Kruskal-Wallis test: > 0.05) and IL-23 levels (Kruskal-Wallis test: > 0.05).
The results of univariable and multivariable logistic regression analysis and stepwise analysis of serum IL-6 levels in SpA patients with adjustment to CRP, BASDAI, and DMARDs showed no association with BASDAI and treatment with DMARDs. The adjusted OR for serum IL-6 ≥ 1.53 pg/mL in SpA patients with increased CRP level (≥5 mg/L) was 7.68 (95% CI 2.93-20.16), < 0.0001 (Table 2) . In SpA patients with increased CRP level (≥5 mg/L) 63.06% 4 had serum IL-6 ≥ 1.53 pg/mL whereas 18.18% had serum IL-6 < 1.53 pg/mL ( < 0.00001).
Mediators of Inflammation
The results of univariable and multivariable logistic regression analysis and stepwise analysis of serum IL-23 levels in SpA patients with adjustment to CRP, BASDAI, and DMARDs showed no association. The adjusted OR for serum IL-23 ≥ 2.5 pg/mL in SpA patients treated with NSAIDs was 2.42 (95% CI 1.15-5.07) compared to patients not treated with NSAIDs ( = 0.02) ( Table 3 ). The adjusted OR for serum IL-23 ≥ 2.5 pg/mL in AS patients was 2.07 (95% CI 1.06-4.057) compared to other SpA patients ( = 0.03) ( Table 3 ).
Discussion
In this study, we evaluated the relationship between serum levels of IL-6 and IL-23 and activity of AS, PsA, and SAPHO syndrome. The role of IL-6 in SpA is so far not clearly demonstrated. Elevated levels of IL-6 have been described in patients with PsA compared with patients with psoriasis [19] . IL-6 was found to be increased in the serum and in the sacroiliac joints of patients with AS [1] . A correlation was found between serum levels of IL-6 and spinal inflammation as detected by magnetic resonance imaging (MRI) in AS [20] . A positive correlation has been reported between serum IL-6 and severity indexes such as those for vertebral mobility in AS [1] . A correlation was found between IL-6 level and BASDAI in AS [20] . Serum IL-6 levels were shown to be elevated in AS patients, along with factors associated with poor prognosis such as positive HLA-B27, inflammatory lower back pain, and arthritis [21] . A correlation between serum IL-6, CRP, and ESR in AS was shown [2] . Isolated cases of good treatment effect with tocilizumab in patients with AS and PsA have been reported [22] [23] [24] [25] .
On the other hand, data showing that IL-6 inhibition is not effective in SpA were reported [26, 27] . Treatment with tocilizumab was not effective in axial symptoms in AS patients, although it had the effect of reducing CRP [26] . A similar situation was described in PsA patients treated with tocilizumab; despite a complete normalisation of serum CRP, there was no improvement in either the joint or skin disease [27] . The role of IL-6 was not considered crucial in an animal model of tumour necrosis factor-(TNF-) mediated bilateral sacroiliitis [3] .
In our study, we have shown increased serum IL-6 compared with control and found a positive correlation between serum IL-6 and disease activity measured by serum CRP and ESR in patients with AS, PsA, and SAPHO. This is in agreement with other publications [1, 2, 19] . In our opinion, this confirms the previously suggested pathogenic role of this cytokine in SpA. It will be necessary to conduct further studies on the possibility of using antibodies against IL-6 in selected patients with SpA.
IL-23 is a heterodimeric cytokine composed of two subunits, p40 (common with interleukin-12 (IL-12)) and p19. The relationship between IL-23 receptor polymorphism and the occurrence of AS and PsA has been described [28, 29] . A good clinical response to the use of antibodies against IL-23 in patients with PsA was also reported [30, 31] . All of this could have to confirm the role of IL-23 in SpA.
In previous small case studies, authors did not find a correlation between serum IL-23 and disease activity in AS and PsA patients [8, 9] . Wendling et al. [8] found no correlation between serum IL-12/IL-23 p40 and ESR, CRP, and BASDAI in 27 nonselected SpA patients. Melis et al. [9] showed a positive correlation between serum IL-23 levels and disease activity measured by CRP, ESR, and the number of swollen joints in patients with rheumatoid arthritis (RA), but they did not find such a correlation in 52 SpA patients (the group consisted of PsA and non-PsA spondyloarthritis patients). Histological changes of the synovial membrane correlated with the concentration of IL-23 in RA patients but did not in SpA patients. Furthermore, in RA patients they observed a reduction of serum IL-23 levels after treatment with TNFalpha blockers, but this was not observed in patients with SpA [9] . The exacerbation of psoriasis induced by anti-TNF therapy has also been described in a patient with AS after switching to treatment with ustekinumab [32] .
The results of our study, carried out on a larger group of SpA patients (152 patients), are in line with those described by other authors [8, 9] . We also did not observe a correlation between disease activity measured by ESR, CRP, and BASDAI and the serum concentration of IL-23 in SpA patients. There was also no difference between the serum concentration of IL-23 in the peripheral and axial forms of PsA and AS. However, SpA patients had significantly higher levels of IL-23 in comparison with the control group. Additionally AS patients had increased risk of increased serum IL-23 levels compared to other SpA patients. This could confirm suggestions about the role of this cytokine in the pathogenesis of SpA.
In situ analysis of IL-23-positive cells in the spine of patients with AS showed that IL-23 was expressed in the subchondral bone marrow and in fibrous tissue replacing bone marrow in facet joints of patients with AS [33] . The lack of relationship between serum IL-23 and disease activity in SpA can be explained by the fact that it acts locally in the joints and bones with no systemic effects [33] . It could confirm the previously suggested independent processes of ossification and inflammation in patients with AS. IL-23 might have a role in chronic changes in AS joints with no influence on laboratory disease activity. It will be necessary to conduct further studies on the possibility of using antibodies against IL-23 in AS patients. Perhaps the local rather than systemic application of IL-23 blockers had to make sense in the treatment of AS.
Despite the fact that, in our study, no correlation was found between serum IL-23 and disease activity in AS patients, this group of patients had an increased risk of elevated levels of IL-23.
Angiogenesis also plays a role in arthritis. Serum VEGF levels may be a marker of inflammatory activity in arthritis. In our previously published studies, we showed that serum VEGF levels correlated positively with disease activity assessed by CRP in PsA, but no significant correlations were found between levels of angiogenic cytokines and clinical presentation in SAPHO patients [34] . In our current study, we failed to show a correlation between serum IL-6 and IL-23 and the concentration of angiogenic cytokines in AS, PsA, and SAPHO.
The value of our work is the much larger number of SpA patients than that of previously reported studies. Moreover, no study has evaluated the relationship between serum IL-6 and IL-23 and angiogenic cytokines. The novelty of our work is that we assessed the association between IL-6, IL-23, and disease activity in patients with SAPHO syndrome. Little is known about the role of various cytokines in SAPHO. In the available literature, we did not find data concerning the role of IL-6 and IL-23 in SAPHO syndrome.
In summary, we emphasise that we have shown the relationship between serum IL-6 concentration and disease activity measured by ESR and CRP in AS, PsA, and SAPHO patients, while we have not found such a relationship in the case of serum IL-23. There was no correlation of serum IL-6 and IL-23 with clinical disease activity indexes in SpA patients.
The mechanism of action of IL-6 and IL-23 in patients with SpA requires further study to clarify their role in the pathogenesis of these diseases.
